A semi-longitudinal study in 111 healthy school children, 11 years old, was started in May 1976 to evaluate age-related "normal-ranges" of two so-called "routine" tyood parameters during adolescence. Follow-up examinations were performed at one-year intervals until 1982. In this paper growth velocity is described and results of estimations of alkaline phosphatase, inorganic phosphorus (Pj) and total calcium (Ca) are presented and compared with values in the literature.
Introduction
In recent decades laboratory tests of blood, urine and other biological fluids have become increasingly important for the diagnosis of many diseases of the early detection of subclinical, biochemically defined metabolic disturbances. For this purpose it seems to be of great importance that welldefined reference values are available, and that physiological changes of so-called "normal values" are taken into consideration, particularly in those parameters that are known to vary with age and sex. For most parameters clear-cut borderlines for an adult population have been established, but these "normal ranges" cannot be transferred for the use in the pediatric age group. This is true in particular for parameters which are influenced more or less directly by growth or sex hormones. One of these parameters is alkaline phosphatase catalytic activity (l -4,11 -17). In addition age-related changes for total calcium and inorganic phosphorus have been described earlier (4, 19, (21) (22) (23) (24) (25) . Due to the accelerated growth in the last decade, these known physiological changes have to be defined for the entire population of adolescents (18) . Furthermore it is necessary to investigate other blood constituents for any age-or sex-related changes that have not so far been recognized äs important. Although many cross-sectional studies regarding "normal values" in children and adolescents have been carried out in the past, only a few data from longitudinal studies are available (2, 16, 23) . Furthermore it should be considered that laboratory methods used in previous reports differ greatly, so the results cannot be compared without reservation.
In order to find out whether the reported "normal ranges" correspond with those in our youiigest population and whether a strong correlation can be found between growth and biochemical parameters, a 7-year longitudinal study in 111 healthy adolescents was performed. The Programme included the estimation of all routine blood parameters, Vitamins, lipoproteins and anthropometric data. Thus, we were able to follow up the changes of these parameters through the whole periöd of adolescence in the same group of children. In this paper, results for alkaline phosphatase, inorganic phosphorus (Pi) and total calcium (Ca) in their relation to physical growth are presented. As some of the children did not participate at all follow-up examinations the presented data are only "semi-lpngitudinal", because all children were included in our calculations. However, a statistical analysis showed that there are no significaht differences between these and the strictly longitudinal data (5).
Subjects and Methods
Healthy Austrian school children (n = 111) from 2 schools near Vienna, 54 boys and 57 girls, with a mean age of 11.3 ± 0.6 years, were first seen in May 1976. At the follow-up visits, performed each May/June in the years of 1977 to 1982, participation rate varied between 92 and 58%. Fifty percent of the children were followed up through the whole periöd of our study. All children included in our study were clinically healthy and any pathological conditions were excluded by a routine biochemical blood profile at every visit. None pf the children were taking any drugs regularly, except sonie girls, who took oral contraceptives during the last year of the study. The results from these girls were calculated separately, and no signiflcant difTerences could be found; therefore results of all girls are presented together.
Blood was drawn in the morning after an overnight fast from a cubital vein of each child, and height, weight, skinfold thickn ess and blood pressure were riieasufed. Blood samples were allowed to clot at room temperature, followed by centrifugation to obtain serum. Estimation of the different parameters was performed on a Greiner GS AII Analyzer. Alkaline phosphatase was estimated by a modification of the method of McComb & Bowers (6, 7) äs described by Küffer (8); calcium and inorganic phosphorus were estimated aceording to the methods of Küffer (9) and Richterich (10), respectively.
Results

Growth
Mean heights are shown in figure 1. At ages 11 to 13 years boys and girls were approximately the same size, both of them showing statistically highly significant increments in body height from one year to the next (p < 0.001). After tfce age of 13 the iiicrease in height was less in girls, but still significant until the age of 14 (p < 0.01); afterwards no significant increment could be shown. In boys, however, height increased significantly from year to year until the age of 16; from the age of 14 onwards boys were significantly taller than girls. Peak growth velocity occurred in girls between the ages of 11 and 12 years with a mean growth of 5.94 ± 1.92 cm/year and in boys between the ages of 12 and 13 years (7.73 ± 2.4 cm/year; table 1).
Alkaline phosphatase
Serum alkaline phosphatase activity showed typical sex-related changes with age, boys having constantly higher levels than girls from the age of 13 onwards ( fig. 2 ). The highest mean values in girls were observed at the age of 11 years (470.9 ± 114.8 U/l); thereafter, the mean values declined markedly between 13 and 14 years and reached adult levels at the age of 16. In boys alkaline phosphatase activity increased until the age of 13 and then began to fall, but did not reach adult levels until the age of 17.
There was a statistically significant difference between boys and girls (p < 0.001) between the ages of 13 to 17 years. No significant differences between those girls taking oral contraceptives and the other girls could be shown. Ranges of alkaline phosphatase were very wide, the highest observed values occurring in a 12 year old girl (939 U/l) and in 13 year old boy (917 U/l). Growth during the preceding year was significantly correlated with alkaline phosphatase activity, except for girls in the last year (tab. 2).
Inorganic phosphorus (Pi)
In both boys and girls, Pj levels declined constantly with increasing age, boys showing significantly higher mean values than girls between the ages of 13 to 15 years. Between the ages of 16 to 17 years a significant increase could be shown for both sexes ( fig. 3 ).
Correlations between alkaline phosphatase and Pj were significant in many cases (tab. 3).
Total calcium (Ca)
Mean values increased significantly in boys from the age of 12 to 13 years (p < 0.001) and in girls from 13 to 14 years (p < 0.01). After the age of 14, mean values decreased markedly in both sexes ( fig. 4) . At the ages of 13 and 15 years boys showed significantly higher values than girls. The changes of calcium levels from one year to the next were not accompanied by parallel changes of albumin, although correlation coefficients between these two parameters within one year were statistically significant in most of our calculations (tab. 4).
Tab. 1. Growth velocity iji healthy children, 11 to 17 years of age (cm/year) -longitudinal observations, mean ± SD; min and max.
Age 
Discussion
To our knowledge no similar longitudinal study over the whole period of adolescence has been published so far.
Our 7 year-"semi-longitudinar-study showed that there are marked changes of alkaline phosphatase and P, levels during adolescence, also for Ca agerelated changes could be· found. Strong correlation between growth velocity and alkaline phosphat se activity levels were observed, s well s significant correlatioiis between alkaline phosphatase and Pj and between Ca and albumin. It must be emphasized that the data from these "semi-longit dinar evaluations do not differ significantly from those obtained by stricty longitudinal calculations (5).
In comparison with the children investigated by Tanner (27) in 1965 and by C ncan et al. (28) between 1933 and 1966 our group of children seems to be taller, partic larly the older children. This has to be taken into account when former studies are compared with more recent ones, because the attainnient of gre ter height, accompanied by an increased bone growth, riiight result in higher alkaline phosphatase activity levels.
In general, our fmdings regaf ding cKanges of alkaline phosphatase are in good agreement with those reported by other authors (1-4, 11-16, 21-23), altho gh the results of these studies cannot be compared directly because of th^ ^dififefent .methods and calcium and albumin at different ages. different units used. The "normal ranges" reported vary within wide limits, and due to the different methodology they cannot be used for our study. Therefore only relative trends can be compared.
As early äs 1939, Vermehren (1) reported on an increase of alkaline phosphatase activity at the onset of puberty; in his study girls reached their mean peak levels between the age of 11 and 13 years and showed a decrease from the age of 13 years onwards, whereas in boys serum alkaline phosphatase activity only started to increase at the age of 13 after an initial decline at 11 and 12 year$; peak levels were reached at the age of 17. Later studies (11-14) reported an initial increase of alkaline phosphatase activity at the onset of puberty, with girls reachirig their peak levels 2 to 3 years earlier than boys, and showing a more rapid decline towards adult levels. Boys showed constantly higher values than girls. Similar observations were made by Clark & Beck (2), althqugh they did not find the initial increment in girls -a phenomenon which is confirmed by our results. In their longitudinal investigation Clark & Beck were able to show a close Correlation between growth and serum alkaline phosphatase activity. This finding is confirmed by Round et al. (23) who used sexual maturity ratings (SMR) instead of annual age and were able to show that the peak growth velocity and the peak serum alkaline phosphatase activity in girls did not only occur at an earlier age, but also at an earlier maturity stage (16) . Similar results are reported by Bennett et al. (15) . In most of the previous published studies a close Correlation of alkaline phosphatase activity to growth spurt during adolescence was observed (2, 3, 15, 23) . In addition, it has been shown that the high alkaline phosphatase during this phase of growth is mainly derived from osteoid tissue, thus reflecting the high activity of bone tissue (2) . But whetherthesechanges during adolescence are mainly due to the changing activity of growth hormone or mainly due to sex hormones has not yet been investigated.
Kantero et al. published in 1975 a study on 146 healthy girls before and after the menarche. They reported that the growth spurt was accompanied by a rise of both steroid secretion and serum growth hormone. Furthermore, they observed that the increased growth hormone concentrations seem to be accompanied by elevated levels of alkaline phosphatase (17) . Nevertheless, the role of growth hormone in the growth spurt during adolescence does not seem to be quite clear: In this regard Heald & Himg, on the other hand, state that growth hormone is not required for the adolescent growth spurt (18) .
Inorganic phosphorus serum levels are generally reported to decrease from childhood to adulthood (l,. 12,19, 20, 24, 25) and the "normal ranges" are about the same in most of the reports. Round (21) reported a constant fall from childhood levels at the age of 7 years to normal adult levels, which were reached in girls at the age of 15 and in boys at the age of 17. Between tjie ages of 8 to 16 years girls showed significantly lower values than boys. These results are in good agreement with our findings; in our study, however, boys showed significantly higher levels than girls only at ages 13 to 15 years and levels increased significantly between 16 and 17 years. De Wijn (22) , on the other hand, found an increase of inorganic phosphorus at the beginning and a decrease in the last part of adolescence in boys; these changes suggest a correlation with development of muscle mass caused by an increased growth hormone activity or by androgens (22) . These findings were later supported by Round by means of a longitudinal study, when she also found a significant rise of inorganic phosphorus levels in boys at the onset of puberty (23). In 1955 Hamilton et al. studied the relationship between inorganic phosphorus levels and urinary ketosteroids and androgens in men over an extensive age ränge (24) . However, they did not find significant correlation between these parameters, although earlier observations indicate that androgens might influence the blood concentration of PJ; in another study Hamilton et al. reported that P { levels are elevated in subjects with gonadal dysgenesis, in eunuchoidism, in hypopituitarism and after castration (26). The close relationship between P( and alkaline phosphatase shown in our stydy has also been observed by Werner et al., who found that the age and sex-dependent changes of PI shown in their study are concomitant with those found for alkaline phosphatase, correlation coefficients were not reported (4).
The published data for the changes of calciüm levels during adolescence are contradictöry. Cheng (12) studied 837 healthy children and reported a steady decline of total calciüm throughout childhood; boys showing significantly lower values than girls between the age of 12 to 14 years. On the other hand, Werner et al. found an increase of serum calciüm after sexual maturation in males and a decrease in females, and suggested that these changes are secondary to changes of albumin and total protein, because of the highly significant correlations between serum calciüm and age (4) . These findings are in agreement with the findings of Cherian & Hill, who described a statistically significant relationship with age; they reported slightly decreased calciüm concentrations in females and slightly increased levels with age in males (20) . To our knowledge, an increase in both sexes, between the age of 12 and 13 years, äs observed in our study, has not been reported before.
Concluding our results, jt should be pointed out, that the marked changes of alkaline phosphatase and inorganic phosphorus observed during the adolescent growth spurt were confirmed by a longitudinal follow up study. These changes are probably due to growth and variations of sex hormone levels. Furthermore, an increase of total calciüm values, which also seem to be influenced by growth and puberty, was established for both sexes.
